Aim-To determine the prevalence of age related maculopathy (ARM) in a representative older Japanese population. Methods-1486 residents of Hisayama town, Fukuoka, Japan, aged 50 years or older were examined and the presence of ARM was determined by grading from fundus examination by indirect ophthalmoscope, slit lamp, and colour fundus photographs. Results-The prevalence rate of drusen, which occurred with comparable frequency in men and women, was 9.6%. The frequency of drusen increased with age (p <0.01). Hyperpigmentation and/or hypopigmentation of the retina was present in 3.2%, geographic atrophy in 0.2%, and neovascular age related macular degeneration in 0.67%. The frequency of neovascular age related macular degeneration was significantly higher in the men (1.2% v 0.34%, p <0.01). Conclusions-Early and late stage ARM is less common among Japanese people than among white people in Western countries, while late stage ARM is more common among Japanese than among black people.
Late stage age related maculopathy (ARM), especially neovascular age related macular degeneration (AMD), is the major cause of blindness and severe vision loss in older people in Western countries. 1 Though not entirely clear, the pathogenesis of AMD is attributed to ingrowth of choroidal neovascularisation in the fovea, with resultant exudation, haemorrhage, and scarring. 2 A number of population based epidemiological studies have been performed in Western countries to determine the prevalence, pathogenesis, and characteristics of ARM. [3] [4] [5] [6] Although a number of studies based on population based data report the prevalence of ARM in several races and ethnic groups, including white, black, and Hispanic people, [7] [8] [9] [10] there are few data on the prevalence of ARM in Asians and none on its prevalence among Japanese people. 11 12 The Hisayama study is a prospective cohort study carried out since 1961 in Hisayama, a town adjacent to Fukuoka City, a metropolitan area of Kyushu Island in southern Japan. The population of the town is approximately 7000 and has been stable for 30 years. According to the 1985 census, the age and occupational distributions of the Hisayama population were almost identical to those of Japan as a whole. The dietary pattern of the residents was also similar to that of the national nutrition survey, which selected its subjects from 300 areas throughout Japan. 13 The focus of the study is the epidemiology of cerebrovascular disease and diabetes mellitus. 14 We gathered ophthalmic data for this cohort in 1998, and report here, to our knowledge for the first time, the prevalence in a Japanese population of the typical features of ARM.
Patients and methods

STUDY POPULATION
From July to September 1998 we conducted a cross sectional eye examination among Hisayama residents who were at least 50 years old and who had not been under long term medical care for various chronic diseases. Among the total of 3035 residents in this age group, a baseline group of 1844 individuals (729 men and 1115 women) consented to participate in the study. Of these, 1486 (596 men and 890 women) underwent the following ophthalmic examination.
OPHTHALMIC EXAMINATION
Each participant underwent a comprehensive ophthalmic examination that included automated refraction (ARK-900, Nidek, Aichi, Japan), non-contact tonometry (NT-2000, Nidek), lens grading at the slit lamp, stereoscopic fundus examination using an indirect ophthalmoscope, and a slit lamp biomicroscope with a "superfield lens" (Volk, Mentor, OH, USA) after pupil dilatation with 1.0% tropicamide and 10% phenylephrine. Forty five degree fundus photographs were taken using the Topcon "non-mydriatic" TRC NW-5 fundus camera (Topcon, Tokyo) and Fujichrome slide film (Sinsia II Fujifilm Co, Tokyo). The photographs were taken according to a previously described method with a minor modification. 4 9 15 Briefly, photographs were taken of a field centred horizontally and vertically on a point mid way between the temporal edge of the optic disc and the fovea. The photographic image included an area above and below the temporal arcades and areas just nasal to the disc and temporal to the macula. The 35 mm slide transparencies were mounted in clear plastic sheets and graded at Kyushu University by two experienced graders.
DEFINITION OF AGE RELATED MACULOPATHY
The graders, masked to subject information, used the International ARM Epidemiological Study Group grading protocol and the grids of the Wisconsin Age Related Maculopathy Grading system, described previously. 16 17 The Wisconsin Age Related Maculopathy Grading System grid was adapted to the magnification of the camera. This protocol divides ARM into early and late stages. Early ARM is defined as the presence of drusen or retinal pigment epithelium (RPE) pigmentary abnormalities within the grid in the absence of late ARM in either eye. (This definition of early ARM was used in both the studies in Beaver Dam, in Wisconsin, and in Blue Mountains eye studies.) The protocol distinguishes two types of late ARM-neovascular AMD, also termed "wet AMD," and geographic atrophy of the RPE in the absence of neovascular AMD, also termed "dry AMD." Neovascular AMD includes serous or haemorrhagic detachment of the retinal pigment epithelium or sensory retina, and the presence of subretinal or subretinal pigment epithelium haemorrhages or subretinal fibrous scar tissue. Dry AMD is characterised by sharply edged, roughly round or oval areas of RPE hypopigmentation, with clearly visible choroidal vessels. The minimum area of geographic atrophy is a circle 175 µm diameter or larger.
The age and sex specific frequencies of each ARM grade, as well as of early and late ARM, were determined. The analysis is based on people with gradable photographs in either eye providing the clearest macular characteristics detected by stereoscopic eye examination. Interobserver and intraobserver variability were analysed by kappa statistics. Agreement levels were moderate to substantial for most features.
DATA COLLECTION Blood pressures were measured three times at each examination, and the average values were used for the analysis. Diabetes was revealed by medical history, glucose levels, or a 75 g oral glucose tolerance test given to most of the subjects. Body weight and height were measured in light clothing without shoes, and body mass index (BMI) was calculated. Percentage body fat was measured and calculated using a body fat analyser (TBF-202, Tanita, Tokyo, Japan). Information on smoking habits was obtained with the use of a standard questionnaire. Drusen were present in the macular area in 9.6% of the total number of participants. The frequency of any drusen was the same for the men and women. Age was strongly associated with an increasing prevalence of drusen in both the men and women (p <0.001) ( Table 2 ). The relative odds ratio of having drusen was 6.6 (95% CI, 3.84 to 11.5) in people 80 years of age or older compared with those 50-59 years of age. Distinct soft drusen were the most frequent largest drusen present within the macular area at all ages (Table 3 ). The larger drusen sizes (125-174 µm in diameter) were the most frequent type among all age groups. There were no significant diVerences in drusen size for any age or either sex (Fig 1) .
Hyperpigmentation and/or hypopigmentation of RPE was present in 3.2%. Hyperpigmentation was identified in 1.0 %, hypopigmentation in 2.1%. The prevalence of hyperpigmentation among the men was significantly higher than it was among the women (p <0.05; odds ratio 4.15; CI, 1.28 to 13.5). Hypopigmentation tended to be seen more frequently in the men than in the women, but the diVerence was not significant. Overall, retinal pigmentary abnormalities were found more commonly in the men than in the women (p <0.01, odds ratio 2.47; CI, 1.34 to 4.55). There were no significant diVerences in frequency of hyperpigmentation and/or hypopigmentation with respect to age (Table 4) .
Geographic atrophy was present in the macular area in three men (0.2%) ( Table 5) . Neovascular AMD was found in 10 (0.67%). Of these, only one (0.07%) had bilateral neovascular AMD. There were no significant diVerences between the prevalence of neovascular AMD for any ages. The men had a significantly higher frequency of neovascular AMD than the women (1.2% v 0.34%, p <0.01, odds ratio 5.16; CI, 1.41 to 18.9).
The frequencies of the diVerent stages of ARM are shown in Table 6 . Overall, 12.7% of the population had some signs of early ARM in the macular area. The frequency of early ARM increased significantly with age (p <0.01). The relative odds ratio of having early ARM was 3.02 (95% CI, 1.5 to 6.1) in those 80 years of age or older compared with those 50-59 years old. There were no diVerences between the prevalence of early ARM by sex. The percentage frequency of late ARM was 0.87% overall. The percentage frequency of late ARM among the men was significantly higher than it was among the women (0.33% v 1.7%, p <0.01, odds ratio 5.16, CI 1.41 to 18.9). Although the frequency of late ARM tended to increase with age among the men (p = 0.08), the numbers were too small to show a definite trend. There were no diVerences between the frequency of late ARM for any ages, for the women, and overall.
Among the participants with unilateral late ARM, the uninvolved eyes were more likely to have advanced ARM characteristics than the uninvolved eyes of the participants with no characteristics of late stage ARM (Table 7) . Systolic blood pressure, diastolic blood pressure, and body mass index were not related to the presence of ARM. The percentage body fat was significantly lower among those with ARM (p <0.01), but there were no diVerences between the presence of ARM and percentage body fat after controlling for age (Table 8) . There were no diVerences between the presence of diabetes mellitus and ARM in general (odds ratio 1.06, CI 0.61 to 1.83), early ARM (odds ratio 1.05, CI 0.56 to 1.99), and late ARM (odds ratio 1.32, CI 0.36 to 4.83). Current tobacco smoking was not associated with ARM (odds ratio 1.04, CI 0.44 to 2.41), early ARM (odds ratio 1.10, CI 0.67 to 1.8), or late ARM (odds ratio 0.37, CI 0.02 to 8.46) ( Table  9 ).
Discussion
The current study was performed as part of a prospective cohort study in a representative Japanese population, the Hisayama study, which has been carried out since 1961. 13 The results of this study generally can be compared with those found in other population based studies, but some methodological issues should be mentioned. The procedure of taking and evaluating fundus photographs was standardised. The photographs were examined by experienced graders in a masked fashion, and the reproducibility of the clinical and photographic protocols was evaluated throughout the study. We used monoscopic fundus photographs produced according to previously described methods with minor modifications. 4 9 15 Although reliance on monoscopic photographs theoretically could result in underestimation of the prevalence of ARM by missing subtle early macular changes, especially retinal pigment epithelium detachment, we sought to minimise this potential shortcoming by having well trained ophthalmologists examine the participants' eyes by stereoscopic indirect ophthalmoscopy. Almost all the fundus photographs were of acceptable quality, although the ones taken of older eyes tended to be worse because of media opacities. Again, however, the inclusion of stereoscopic indirect ophthalmoscopy in the examination tended to compensate for this potential deficiency.
The prevalence of any form of late ARM was 0.87%, that of neovascular AMD 0.67%, and that of geographic atrophy 0.20%. Since we graded fundus characteristics according to the International ARM Epidemiological Study Group grading protocol, 16 a modification of the Wisconsin age related maculopathy grading system (WARMGS), 17 the Hisayama findings can be usefully compared with other population studies using this grading system.
The prevalence rate of total late ARM we found was lower than that reported in studies performed in white populations (Beaver Dam Eye Study: 1.6%, Rotterdam Study: 1.7%, Blue Mountain Eye Study: 1.9%), but was slightly higher than that found in the Barbados Eye Study (0.6%) and the Baltimore Eye Survey (0.22%), both of which focused on black populations. 7 8 The prevalence of geographic atrophy was lower than that of neovascular AMD in our study, as was the case in studies performed in white populations. 3 4 Although in these other studies the prevalence of late ARM significantly increased with age, we found no such correlation. This diVerence may have resulted from the relative low number of people with late ARM changes in our study.
Although we found a significantly higher prevalence of late ARM among men than among women, there was no such diVerences reported in the Rotterdam Study and Blue Mountain Eye Study. In the Beaver Dam Eye Study, women 75 years of age or older had a significantly higher frequency of exudative macular degeneration than similarly aged men. The reason is not clear. Yuzawa et al, 12 who estimated the prevalence of exudative AMD based on the number of patients undergoing medical care in Japan, found that exudative AMD was significantly more prevalent among men than among women. 12 18 This finding is consistent with ours.
Our study, as well as the Barbados Eye Study 7 and the Blue Mountain Eye Study, found that the prevalence of early ARM significantly increased with age. However, we found no diVerences between the prevalence of ARM among the men and the women. In our study 12.7% had early ARM changes, a lower figure than that reported in the Barbados Eye Study (23.5%) and in the Blue Mountain Eye Study (28.0%).
Drusen have been more commonly observed in white people (Beaver Dam Eye Study, 86%) than in black people (Barbados Eye Study, 66.2%). This diVerence was also reported in a racial diVerences study in the Third National Health and Nutrition Examination Survey (The NHANES III) 9 and in the Baltimore Eye Survey (whites: 21.7%, blacks: 18.8%). 8 In our study, the prevalence of any type of drusen was 9.6%. Although this prevalence was lower than that reported in other studies, in our study, as well as in these others, the prevalence of drusen markedly increased with age.
Hyperpigmentation and/or hypopigmentation were seen in 3.2% of the Hisayama population. This prevalence is lower than that found in white people (Beaver Dam Eye Study: 13.1%, Blue Mountain Eye Study: 12.6%, Rotterdam Study: 7.2%), but higher than that found among black people (Baltimore Eye Survey; 1.84%). It was seen more frequently in men than in women in our study, in the Rotterdam Study (odds ratio: 1.6 for hypopigmentation, 1.5 for hyperpigmentation), and in the Beaver Dam Eye Study among those 65 years old or older.
Some studies have reported racial diVerences in the prevalence of ARM. [7] [8] [9] [10] These reports have suggested that neovascular AMD is more prevalent in white people than in black people, especially among older individuals. The NHANES III found a higher prevalence of ARM in non-Hispanic whites (9.3%) than in non-Hispanic black people (7.4%) and Mexican-Americans (7.1%). 9 The Baltimore Eye Survey reported no diVerences in the prevalence of early ARM in white and black people but found that late ARM is more prevalent in older white people (1.91%) than in older black people (0.19%). 8 To our knowledge, there have been no studies of the prevalence of ARM among any Asian population except for Wu's investigation in China, 11 which found a prevalence of 7.67%, with no significant diVerences among three ethnic groups (Han, Uighur, and Tibetan). This prevalence is about 10 times higher than what we found among our representative Japanese population. This was probably because his study graded fundus characteristics based on the Framingham Eye Study, 1 a diVerent method from the one we used. The prevalence of early and late ARM in our study is much lower than that found in studies of white populations, while the late ARM changes we found were slightly more frequent than those reported in some studies of black populations. The reason for diVerent prevalences among diVerent races is not clear. However, Friedman et al in the Baltimore Eye Survey speculated that white people are genetically predisposed to have more severe maculopathy than black people. 8 Hisayama study used non-stereoscopic 45°f undus photographs to grade of ARM. It is known that age related maculopathy, especially early ARM, is less likely to be detected by grading of fundus photographs than grading of 30°s tereoscopic fundus photographs. It is supposed that grading of stereoscopic colour fundus photographs probably explain, in part, the lower frequencies of early and late ARM frequencies in Hisayama study compared with the frequencies among white people in Western countries.
It is known that smoking (ever/never smoked) is a risk factor for late ARM. [18] [19] [20] However, we found no association between current smoking and ARM, probably because we found few people with late ARM changes, and we did not study former smokers or level of smoking. Further investigation is needed to clarify the relation between smoking and ARM in Japan.
In conclusion, our study suggested that early and late stage ARM is less common among the Japanese than among white people in Western countries, while late stage ARM is more common among the Japanese than among black people.
